Humidifier Disinfectant-associated Interstitial Lung Disease and the Ardystil Syndrome
To the Editor:
In their recent letter, Park and colleagues (1) demonstrated that humidifier disinfectant-associated interstitial lung disease that affected children and women in Korea between 2006 and 2011 (2-4) was probably caused by the biocide polyhexamethylene guanidine (PHMG). Recently, PHMG has also been shown to be highly toxic after intratracheal instillation in mice (5) and to be cytotoxic for various types of cells, including lung cells (6) . Yet PHMG was considered to be a safe disinfectant, causing little skin irritation (7), and it was even claimed that it was harmless (8) .
The Korean PHMG-associated interstitial lung disease outbreak is strikingly reminiscent of the history of the Ardystil syndrome in the 1990s.
The Ardystil syndrome is an interstitial lung disease that appeared first in Spain (mainly in a factory named Ardystil) (9) and then in Algeria (10) among textile workers who had applied paints of the Acramin type by air-spraying. These paints were considered to be nonhazardous because of their very low oral toxicity and low dermal irritation potential in experimental animals, and no health problems had been associated with their application as pastes in screen printing. However, outbreaks of severe organizing pneumonia with bronchiolitis obliterans occurred in workers who had been exposed to aerosols containing Acramin FWN (dissolved in solvents) (9, 10) . Subsequent studies demonstrated severe lung toxicity in experimental animals exposed to Acramin FWN and the related Acramin FWR by intratracheal instillation (11, 12) and by inhalation (13) , and both agents also proved highly toxic for various types of cells, including alveolar macrophages and type 2 pneumocytes (14) . The most likely explanation for the cellular toxicity of these polymeric compounds was their polycationic nature (i.e., the presence of multiple positive charges on the nitrogen atoms), as their in vitro toxicity could be abolished by heparin, which has multiple negative charges (15) .
Interestingly, PHMG is also a polycationic agent and shows a remarkable structural similarity with the agents that caused the Ardystil syndrome (Figure 1) . We, therefore, propose that the Korean humidifier disinfectant-associated interstitial disease and the Ardystil syndrome share common clinical and pathologic features, especially the bronchiolocentric distribution of the interstitial lung lesions, because they were caused by the inhalation of agents of a similar nature; namely, polycationic compounds. Of note, flock worker's lung (16) , characterized by lymphocytic (peri)bronchiolitis (17) , was caused by the inhalation of (fragments of) microfibers of nylon, a "nontoxic" polymer with multiple positively charged nitrogen atoms.
Beyond the lesson that inhaled polycationic compounds are toxic for the lungs, a more general point must be made with regard to chemical safety. Indeed, the outbreaks described here are not the only instances of serious human lung disease caused by chemicals that were thought to be innocuous, but subsequently proved to be harmful for the lungs on inhalation. A similar scenario applied to popcorn worker's lung. This lung disease, characterized by bronchiolitis obliterans, occurred in workers who had been exposed [in the microwave popcorn industry (18, 19) , the chemical industry (20) , or more recently, the coffee industry (21) ] to vapors of a butter flavor considered safe for use as a food ingredient. Diacetyl, a major component of butter flavoring, bears no chemical resemblance to the polycations involved in the Korean outbreak or the Ardystil syndrome, but its potent respiratory toxicity was also demonstrated experimentally only after human disease had occurred (22) .
The general lesson of all these recent outbreaks of respiratory disease is that chemicals should never be considered harmless for the lungs unless this has been demonstrated by appropriate testing for pulmonary toxicity. This precautionary principle is Figure 1 . Structural formulae of the polymers implicated in the causation of interstitial lung disease and subsequently found to be toxic by inhalation in experimental animals. The first two compounds are components of the Acramin paint system implicated in the Ardystil syndrome, and the third compound is a disinfectant (polyhexamethylene guanidine) implicated in the Korean outbreaks of humidifier disinfectant-associated interstitial lung disease. These polymers are characterized by the presence of multiple nitrogen atoms that are positively charged at physiologic pH.
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